Abstract
Research question
Implementing ERP systems in China poses challenges for both, foreign and Chinese companies. Foreign companies setting up operations in China not only hire Chinese staff, but often also have to deal with a Chinese partner since, until recently, the joint venture was the predominant way of operating a business in China. As computerized information systems have only recently begun to be used for automating business processes in China, most individuals and organizations have much less experience with using and deploying computerized information systems than do those inhabiting North America or Europe. For the same reason, Chinese companies have to climb a relatively steeper section of the learning curve when implementing an ERP system than their peers in North America and Europe (cf. [6] ). However, implementing an ERP system does not only imply the necessity of individual learning, it also frequently entails changes of organizational processes and structures ( [16] ). In this respect, foreign companies might be expected to be relatively better prepared for the implementation of an ERP system as their structures and processes may already reflect those encapsulated in an ERP system whereas Chinese companies, whether privately held or stateowned, are more likely to display more traditional management systems and business processes ( [9] ). Given this background, the purpose of this research is to identify variables which are crucial for IT-enabled organizational change as the large variety of institutional forms (i.e. ownership structures) allows for controlling this important organizational factor in information systems projects. Indeed, the specific context of the Chinese economy provides for a kind of a 'natural experiment' with regard to the variety of institutional characteristics of companies due to her specific historical background as well as current regulations which motivates this study of ERP implementation projects in China.
Literature
The empirical literature on the subject frequently refers to 'critical success factors' which need to be identified in order to enable project managers and management boards to improve the results of their ERP implementation projects. This implies that (1) managers have full control over these factors, i.e. they can change them at will, and (2) that these factors are causally linked with a 'successful' project outcome (cf. [17] ) for the concept of critical success factors). Our aim here is, rather, to identify critical points which merit further investigation as to whether these two conditions are met. However, propositions about critical success factors have been made and we want to briefly review them here.
There are several papers which directly address the issue of critical success factors. Table 1 summarizes these studies in terms of identified or mentioned critical success factors. We have excluded articles which emphasize only a single factor. Examples are Davenport ( [7] ), who emphasizes the mediating role of top management, and Glover et al. ([8] ) who emphasize risk management.
From this table, it is clear that there seems to be a broad consensus on a number of factors including top management involvement, team configuration, qualification of project team members, and so on. However, these factors suffer from two problems, a theoretical one and a practical one. The theoretical problem regards the nature the factors. Robey et al. ([16] ) base their critique of ERP critical success factor studies on this point: "The factors … related to ERP implementation success appear especially obvious and [are] not clearly distinguishable from the outcomes of implementation success that they supposedly predict. Thus, these "findings" may be somewhat tautological." (id., p. 7). Legend: 1 The factor has been included in our questionnaire. 2 The authors mention this factor but say that it is overestimated.
In addition, we think that qualitative factors such as decision making processes and empowerment are more important for practical concerns than are the resource type of factors typical for critical success factor studies: whereas there is little doubt about the importance of experienced consultants or qualified personnel in the project team, project managers and top management might be more concerned with qualitative implementation project characteristics which require discrete decisions (such as who should be represented in the steering committee). Also, these qualitative characteristics are likely to be specific to the company's situation, i.e. contingent; thus, it is necessary to have sufficient information about the project's context in order to control for these influences. 1 Finally, we also claim that there is no one-dimensional measure of project success; rather, there are different measures which might be mutually conflicting. For example, a high degree of user acceptance may require that initially only a limited range of functionality is implemented which may reduce the benefits in terms of cycle time reductions. We tried to implement these requirements in our study which is described in the following section.
Method
Our approach has been to conduct a broad exploratory study of ERP implementation processes in China which involves in-depth case studies and a questionnaire survey. Although in this paper we only present the results from the questionnaire survey, our understanding of the results and the design of our questionnaire has greatly benefited from the in-depth case studies.
The questionnaire comprised 14 pages and included sections about the company's general background, project characteristics, project team composition, organizational characteristics, top management participation, project team motivation, steering committee, and implementation outcomes (a copy of the questionnaire is available upon request). The questionnaire has been pre-tested by IT managers from both, a foreign-controlled company and a Chinese company (involving a Frenchman and a Chinese).
The population of our study has been the group of SAP's R/3 users in China. We have limited our study to R/3 users for two reasons. (1) It is currently difficult to obtain accurate address material about companies in China;
2 therefore, we made use of SAP's customer list which has been made available to us as part of a general agreement in which SAP Greater China supported our study financially and by providing assistance in accessing companies. (2) Limiting the survey to one ERP brand 1 There are some approaches towards studies of ERP systems addressing the problem of contingent critical success factors ( [18] ; [4] ). However, to our knowledge no statistical results have yet been presented. 2 There are also legal issues involved in unsolicited questionnaire surveys.
eliminates variation in the data due to variation in the systems themselves; thus, all variation in the data must be due to other factors such as industries, ownership structures, and implementation approaches.
At the time of the survey (March 1 to May 31, 2000), the customer list provided by SAP Greater China consisted of 143 addresses. Excluding addresses which involved several projects within one company coordinated by the same project manager (12), the addresses of companies which had been studied or were scheduled to be studied in-depth as part of our case studies (5), and those companies of which we were not able to obtain an accurate telephone number, we got a list of 118 companies. All of these companies were then contacted by telephone in order to confirm address information and the project manager's name and also to build initial support for the study. During these calls, ten companies informed us that they did not want to participate in our study. The remaining 108 companies then have been post-mailed our questionnaire plus the annual customer satisfaction questionnaire from SAP.
In order to increase the response rates, we gave companies a follow-up call if we did not receive their questionnaires after two weeks of sending them out. By the middle of May we stopped making follow-up calls and no company had received more than three follow-up calls. We received a total of 80 usable questionnaires yielding a response rate of 74%. Seven companies informed us that they had returned the questionnaires which, however, we never received.
Answers were then coded and extensively checked for validity. All answers whose validity seemed dubious were discarded. Since only part of the companies (61) had completed the implementation project at the time of the survey, 19 questionnaires did not include answers about project results. Moreover, questions had often not been answered which increased the number of missing values. Also, removing dubious answers increased this number even more. Therefore, the analysis of the data was limited to simple correlation analysis since building models including several independent variables would frequently reduce the number of usable observations to below 30.
The analysis proceeded as follows. First, correlation analysis was conducted for all variables. Then, all statistically discernible associations have been marked and copied into a spreadsheet. Next, these associations were studied in detail; specifically, they were checked for plausibility and tentatively interpreted. Finally, all remaining associations were extensively checked for possible mediating effects as explained below before finally interpreting these findings.
We used the product-moment correlation coefficient whenever cardinal measures were implied. In the case of ordinal measures, we used the Spearman correlation coefficient. Similarly, we used Least Square Regression analysis when controlling for variables expressed by cardinal measures and the Logistics procedure when variables were expressed on an ordinal scale. All analyses have been conducted using SAS's statistical software package version 6.12.
The process of checking for possible mediating effects is illustrated in Figure 1 . We first looked for direct 'effects', i.e. statistically discernible ('significant') associations. We then controlled for variables which were either associated with the predictor variable in the same class of variables (termed 'interaction' in Figure 1) ; for example, when we found an association between the size of the company and certain outcome or process variables we controlled this relationship for ownership features since size is related to ownership characteristics. The final step in our analysis has been to control associations between implementation process characteristics and project outcomes for organizational context factors which were associated with either, implementation process characteristics or project outcomes in each relationship between implementation process characteristics and project outcomes. 
Results
In this section, we present a selection of our results which seem most suitable for the context of this conference. A full report is available upon request from the author. The results are presented in Tables 2-4 at the end of this paper. The results presented in these tables have been obtained according to the analytical process described in the preceding section; specifically, those results presented in Table 4 describing associations between implementation process and implementation outcome variables have not been found to be mediated by likely Tables 2 and 3 . Moreover, the results presented in these latter tables, i.e. regarding associations between context factors on the one hand and implementation process and outcome variables on the other hand, have also been checked for likely mediating effects and found not to be mediated by other context factors.
The main characteristics of these results are: 1. Whereas ownership is associated with a number of variables describing the implementation process (implementation motives, implementation scope, level of cross-functional implementation conflicts, degree of consultants' experience, top management participation, duration of running parallel systems, see Table 2 ), it cannot be associated with implementation results (apart from the degree of data maintenance problems after cut-over, see Table 3 ). 2. However, ownership structures can be associated with both, specific implementation motives and specific sources of realized financial benefits. Specifically, state-owned companies are more likely to have implemented the ERP system in order to improve management controls and to have realized financial benefits due to lower purchasing costs; foreign controlled companies are less likely to reap financial benefits from reducing overhead costs; and collective units are more likely to hope that they can use the system to adapt business processes to international best practice while privately-held Chinese companies are more likely to have realized financial benefits due to reduced levels of bad debt (see Tables 2 and 3) . 3. Whereas a number of context factors can be associated with both implementation process and implementation result characteristics, only the degree of job security is associated with the risk of budget and/or schedule overruns and the degree of management satisfaction with project results (see Table 3 ). 4. Whereas the extent of top management participation and support indeed affects some outcome characteristics (specifically the degree of user acceptance and the extent of automated crossfunctional data exchange relationships), it is the type of top management participation which is most broadly associated with implementation results (namely the degree of management satisfaction, the extent of budget and/or schedule overruns, and the extent of lead-time reductions). Specifically, a more 'modern type' of management system characterized by majority-based or consensus-based decision making in the steering committee and delegation of decision-making authority to the project team is associated with more satisfactory results whereas a more 'traditional' management system characterized by seniority-based decision making in the steering committee and centralized decision making is associated with more negative implementation results (see Table 4 ). 5. Whereas the degree of consultants' experience is broadly associated with more satisfactory implementation results, we also found that projects which are (also) initiated by the IT department are even more broadly associated with dissatisfactory results (see Table 4 ).
Discussion
Probably counter-intuitive, we did not find strong support for the hypothesis that foreign-controlled companies are doing better in their implementation projects than their Chinese peers in terms of project results. Nevertheless, ownership characteristics are associated with a broad range of implementation process characteristics. Thus, ownership possibly affects the way a company is implementing an ERP system but does not predict the outcome of the ERP implementation project. One exception regards master data maintenance after cut-over which are lower for foreign-controlled companies and higher for state-owned companies. This points to an issue which might be specific to state-owned companies, namely a tendency of employees to identify with departments rather than the whole company. As implementing an ERP system implies that master data are maintained in one department but are actually used by other departments, smooth master data maintenance involves a high degree of cross-functional collaboration and also understanding which might be lacking in stateowned enterprises. This hypothesis is supported by the association of state-owned enterprises with relatively higher levels of cross-functional conflicts during implementation while foreign-controlled companies are associated with relatively lower levels of cross-functional implementation conflict (see Table 2) .
Apart from the level of cross-functional implementation conflicts, state-owned and foreigncontrolled companies also seem to display a mirror image with respect to top management participation and the extent of consultants' experience with foreign-controlled companies being more likely to have top management participate in the implementation project and to hire relatively more experienced consultants while the opposite is true for state-owned companies (see Table 2 ).
Finally, foreign-invested companies are associated with relatively shorter periods of parallel systems operation after cut-over whereas collective units and privately-held Chinese companies are associated with relatively longer such periods. This finding points to an issue of trust which we also found in our in-depth case studies. Managers in traditional Chinese companies do not trust the system in terms of data quality and also in terms of appropriateness of suggested decisions. Thus, managers tend to modify quantities recommended by the system (based on their own experience) and request alternative sources of information in order to verify the accuracy of data provided by the system. Obviously, existing systems (which are meant to be replaced by the new ERP system) can be considered such an alternative source. However, as employees are required to simultaneously maintain two systems, actual data accuracy might indeed suffer thus seemingly confirming managers' suspicions and creating a self-fulfilling prophecy.
Regarding the association of context factors with project results, the one factor which seems to predict project success is the perceived degree of job security. This finding is surprising in so far as the literature about information systems implementation has not yet paid significant attention to it. It may be interpreted as echoing anxieties regarding business process reengineering which was often understood as a euphemism for downsizing (cf. [11] ). Probably, similar feelings accompany an ERP implementation project funneling significant energies into efforts aimed at securing jobs and promotion opportunities rather than implementing the system (or even aimed at limiting the scope of the implementation).
Regarding the relationship between implementation process variables and implementation results, the most striking result is that, whereas the extent of top management support has indeed a bearing on some project results, it is the type of management involvement which possibly makes the difference between successful and unsuccessful projects as expressed by a broader set of indicators.
As pointed out above, top management support is the most commonly mentioned success factor in the literature (see Table 1 ). However, extensive involvement of top management cannot ensure successful implementation in terms of in-budget/on-time implementations as well as the extent of management satisfaction with project results. But it does help with respect to two other types of outcomes, namely the degree of user acceptance and the extent of automated cross-functional data exchanges. The first type of impact can be explained in three, not necessarily mutually exclusive ways. First, a strong presence of top management may discourage open forms of resistance. As we have asked project managers to evaluate the degree of user acceptance, covert forms of resistance may have evaded their attention. Second, a strong presence of top management may also signal the importance given to the project thus increasing users' sense of the issues at stake; they might simply feel that increasing effort levels are required for the company to survive or prosper. Finally, a strong presence of top management could have a motivating impact on users by way of setting an example. If users are aware of senior managers spending a lot of time on the project, they might wish to make a bigger effort themselves by, for example, learning how to use the system properly.
Among the other outcome characteristics, the extent of top management involvement is only associated with the extent of automated data exchange relationships (via the frequency of steering committee meetings). The explanation for this result could be that automating data exchange relationships often benefits one side more than the other. As departments have generally no means of compensating for such imbalances, only authoritative decision making or compensating rearrangements of resources can resolve resulting conflicts of interests blocking efforts of extending the scope of automated data exchanges across departmental borders.
Considering the impact of the type of top management involvement, we find that two features are significantly related to project success: the method of decision making in the steering committee and the delegation of decision making authority to the project team (or "empowerment", as it is sometimes called in the literature and enlisted as a success factor for ERP projects, see Table 1 ). Combining these two features one might summarize the findings reported in Table 4 by associating positive results with 'modern' management systems characterized by majority-or consensus-based decision making in the steering committee and delegation of decision making authority to the project team and negative results with a 'traditional' management system characterized by seniority-based decision making in the steering committee and retaining of decision making authority in the steering committee. This way of summarization is justified by a principal component analysis of steering committee characteristics which demonstrates that the first two components describe just these two forms of management systems. 3 We think that there are at least three possible explanations for this result. First, centralized decision making in the steering committee may lead to some delay in the decision making process thus causing schedule and possibly budget overruns. Second, seniority-based decision making enables senior management to unilaterally change some project parameters without necessarily being aware of these decisions' impact on the project schedule and budget while a consensus-based or, less pronouncedly, a majority-based decision-making 3 The first component loads high on seniority-based decision making in the steering committee and centralization of decision making authority in the steering committee and the second component loads high on majority-based decision making and delegation of decision making authority to the project team with these two components accounting for 50% of the variation of all seven variables characterizing the steering committee decision making style and role.
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0-7695-1435-9/02 $17.00 (c) 2002 IEEEprinciple would enable other managers to block such decisions. Finally, a 'modern' management system may simply be more compatible with the philosophy underpinning an ERP system which enables decentralized decision making by bringing information relevant for decision making to the operational level; in contrast, a company which tries to increase centralized control and decision making through an ERP system might ultimately find the system ill-suited to this purpose. This latter interpretation is also supported by the positive association between lead time reductions and both consensus-based decision making in the steering committee and delegation of decision making authority to the project team. However, we also find that consensus-based decision making in the steering committee is associated with an increased likelihood of service level declines after cutover. A possible explanation is that this form of decision making gives departments effectively a veto-right which they might use egoistically risking severe problems after cut-over. Thus, consensus-based decision making poses threats to an ERP implementation project as well as opportunities.
Apart from the extent and type of top-management involvement we only find two other process characteristics which can be broadly related to implementation results: the degree of experience of external consultants and whether or not the project is (also) initiated by the IT department. Whereas the first characteristics is frequently mentioned in the literature as a success factor (see Table 1 ), the latter has only received sparse attention so far. Moreover, it seems worthwhile to have a more detailed look at the differential impact of these two factors. Whereas IT initiation is related to project management targets, the degree of management satisfaction with project results, the degree of data maintenance problems after cut-over, and lead time reductions, the experience of consultants is related to implementation conflict and the number of functions automated as a result of the implementation project. From this pattern, it may be concluded that the effect of extensive prior project experience is based upon superior knowledge (which may help to prevent cross-functional implementation conflict and also train users to take advantage of more functions incorporated in the software) whereas IT-initiated projects may suffer from the lack of the IT department's authoritative resources to enforce strict project milestones (leading to budget and/or schedule overruns and thus management dissatisfaction) and to sanction other departments (leading to data maintenance problems after cut-over).
Limitations
Our study is subject to three possible threats of external validity. First of all, the total sample size is rather small; getting more robust results would require a sample size of several hundred companies. However, even more important is the problem of missing values as this might be a source of significant bias in our results. For example, companies which did not find that they could realize noticeable cycle time decreases might have preferred not to answer the questions about cycle time reductions. Linked to these two limitations is the necessity of a "manual" approach towards identifying possible mediating variables which relied on a stepwise selection of candidate variables (see the method section). To avoid the potential bias inherent in this approach one would wish to use more powerful statistical procedures such as path analysis which, however, require significantly larger samples sizes.
Regarding threats to internal validity of results, a possible source might be the translation of our questionnaire and the limited number of pretests. However, our extensive in-depth case studies seem to be sufficient to limit any such threat. This knowledge also helped us to check answers with respect to internal validity. Thus, we conclude that there are significant possible threats to external validity which can only be removed by replicating our findings on a larger scale.
Conclusion
We conclude that this study gives some first clues about the areas which warrant more focused attention when studying IT-enabled organizational change or transformation. This tentative area should be the governance of implementation projects as characterized by methods of decision making and the extent of delegation of decision making authority. However, thus far we have begged the question of whether or not it is possible to leverage this finding in order to actively improve ERP implementation results. As we tried to control for a huge number of possible mediating variables, we are confident that our results can be used as a preliminary indication of general associations. However, it remains an open question whether these findings can be used as levers in terms of project management. Specifically, would prescribing the decision making method of the steering committee and delegating decision making authority to the project team lead to better project results? In other words, do companies need to transform themselves first, i.e. before embarking on an ERP implementation project, or can they use the ERP implementation project to facilitate organizational change as has been frequently proposed (cf. [13] ; [12] ; [15] ; [20] ; [21] ; [1] )? A possible theoretical explanation for this type of IT-enabled transformation relates to the organization of the implementation process itself. Implementing a large-scale information system may provide a unique opportunity to set up a project organization which would otherwise not be compatible with existing organizational practices. This new form of organization may then spread throughout the whole organization since the configuration or the ERP system will reflect this new form and the momentum behind the implementation effort may be sufficient to sustain this new form until it has become a standard practice itself. However, these hypotheses can only be investigated by means of in-depth, longitudinal case studies. The purpose of this study had been to guide such further study by focusing attention on some variables which seem to play a crucial role in ERP implementation projects. Legend: Cell contents: x; y; z: x: correlation coefficient; y: probability of association being non-significant; z: number of cases; P: purchasing; M: manufacturing; F: finance; an "*" indicates that foreign share in equity is used rather than foreign control 1 Number of modules implemented 2 Scale: 1: no conflicts emerged; 2: minor conflicts emerged during the implementation phase which, however, were quickly settled by the project team; 3: major conflicts emerged during the implementation phase which could, however, be resolved by the project team; 4: major conflicts emerged during the implementation phase which had to be resolved by the steering committee; (5) major conflicts emerged during the implementation phase which have not yet been resolved 3 On a 10-point Likert scale with "1" for "very inexperienced" and "10" for "very experienced" 4 Senior manager(s) participated in the implementation project 5 Percentage of equity 6 Employees can report concerns about working conditions to workers' councils or regular workers' meetings 7 On a 10-point Likert scale with "1" for "very insecure" and "10" for "very secure" 
